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ABSTRACT 


A  continuous  gravitational  process  to  separate 
oil  pollutant  from  ships’  bilge  water  using  simple  and 
compact  equipment  is  proposed.  The  principle  of  the 
process  is  discussed.  For  an  oil-water  mixture  of 
known  concentration  and  density,  the  location  of  the 
interface  inside  the  separator  for  different  flow  rates 
can  be  predicted.  Laboratory  experiments  will  ba 
conducted  to  test  the  proposed  process  prior  to  consid¬ 
eration  of  further  tests  aboard  ship. 
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NAVAL  SUIT  RESEARCH  AND  DEVELOPMENT  IABORATORY 


A  PROPOSED  SHIPBOARD  CONTINUOUS 
OIL  POLLUTION  CONTROL  PROCESS  FOR  BILGE  WATER 

By 

Dr.  Tsi  Shan  Yu 


INTRODUCTION 

OLly  bilge  water  must  be  pumped  overboard  to  prevent  flooding  the  ship 
and  damaging  the  ship's  machinery.  To  prevent  pollution  of  the  sea  the  oil 
must  be  removed  from  the  bilge  water  prior  to  discharge.'-  The  development  of  an 
effective  system  to  accomplish  this  is  one  part  of  the  Bilge  and  Ballast  Water 
Oil  Pollution  Control  Program.  A  state-of-the-art  search  for  equipment  and 
processes  to  separate  oil  from  water  has  been  completed. (^) 

An  awareness  of  recent  developments  also  is  desirable.  On  the  basis  of 
the  information  that  has  now  been  assembled,  a  compact  gravitational  process 
has  been  conceived  that  is  considered  potentially  feasible  for  satisfactory 
treatir  at  of  water  aboard  ship.  This  process  does  not  rely  on  chemicals  but 
allows  for  the  use  of  demulsifier  when  a  stable  emulsion* occurs  in  the  bilge 
water.  This  report  describes  and  discusses  the  proposed  process. 

BACKGROUND  0/ 

One  of  the  sources  of  oil  pollution  attributable  to  ships  is  the  dis¬ 
charge  of  bilge  water.  This  water  contains  oils  from  drains  and  leaks  in  the 
lubricating-, hydraulic-, and  fuel-oil  systems  as  well  as  from  the  water  systems 
aboard  ship.  This  oily  water  mixture  is  required  to  be  pumped  overboard  to 
prevent  flooding  of  the  ship  and  damage  to  the  ship's  machinery.  The  pumping 
of  bilge  water  is  therefore  necessary  when  the  amount  reaches  a  certain  level 
inside  a  ship  whether  the  ship  is  in  harbor  or  on  the  high  sea.  > 

OPNAVINST  3120. 21A  (reference  (a))  prohibits  naval  ships  of  the  United 
States  from  discharging  water  having  more  than  100  ppm*  of  persistent  oils 
(crude,  fuel,  heavy  diesel,  and  lubricating)  into  the  navigable  and  coastal 
waters  of  the  United  States.  Furthermore,  the  resolutions  of  the '1962  Inter¬ 
national  Conference  on  the  Prevention  of  Oil  Pollution  on  the  Seas  called  by 
the  Intergovernmental  Maritime  Consultative  Organization  (IMCO)  requested  that 


(^Superscripts  in  parentheses  refer  to  similarly  numbered  entries  in  Appendix 
A. 

★Abbreviations  used  in  this  text  are  from  the  GPO  Style  Manual,  1967,  unless 
otherwise  noted. 
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lKiv  ,il  ships  o!  the  signatory  countries  observe  the  limitation  and  the  proiii- 
hiied  /ones  set  torth.  A  proposal  of  limiting  oil  content  in  the  discharging 
water  ! rom  ships  on  high  seas  to  60  liters  per  nuutical  mile  has  been  made  to 
the.  hMCO,  and  a  longer  range  aim  of  allowing  no  oil  In  ships  discharging  water 
has  been  discussed.  At  present  United  States  naval  ships  do  not  have  a  reli¬ 
able  system  for  the  removal  of  the  oil  in  their  bilge  water  .before  discharging 
it.  ", 

in  harbors  and  depots  naval  ships  may  roly  on  barges  or  doughnuts  to  re¬ 
ceive  their  oily  bilge  water.  (A  doughnut  is  a  floating  cylinder  open  at  both 
ends.  It  allows  the  discharged  water  to  be  displaced  through  the  bottom  open¬ 
ing  and  is  incended  to  retain  the  discharged  oil  inside  the  cylinder.)  How¬ 
ever,  barges  and  doughnuts  are  not  always  available  when  a  ship  has  to  dis¬ 
charge  its  bilge  water.  Only  very  few  ports  or  dock  areas  have  waste  oil 
piping  systems  to  accept  and  transfer  the  oily  bilge  water  from  ships  to  a 
nearby  point  for  clarification  treatment. 

While  new  and  large  commercial  ships  have  some  type  of  oily  water  sep¬ 
arator  on  board  to  treat  their  bilge  water,  naval  ships  do  not  have  such  fa¬ 
cilities.  To  abide  by  the  national  and  international  requirements  of  oil  pol¬ 
lution  abatement,  naval  ships  are  in  need  of  such  shipboard ^capability . 

Bee,  „se  of  the  existing  space  and  weight  limitations  and  the  commitment  of 
personnel,  any  separator  to  be  used  on  naval  ships  would  have  to  be  compact 
.  d  easy  to  operate.  - 

The  amount  of  oil  in  the  bilge  water  and  the  rate  at  which  the  bilge 
waier  is  being  accumulated  in  a  ship  vary  from  ship  to  ship  depending  on  the 
sir  p's  condition  and  personnel.  i! 

Some  bilge  water  samples  received  from  USA  GAINARD  (DD  706)  were  found 
to  have  oil  contents  varying  from  8  to  9000  ppm. (2)?  These  samples  were  col¬ 
lected  at  different  dates.  This  large  range  of  oil  content  indicates  that  the 
bilge  water  samples  could  be  collected  under  various  pumping {conditions.  As 
the  interface  of  oil  and  water  approaches  the  discharging  point  in  a  container, 
the  oil  content  in  the  discharging  water  is  expected  to  increase.  This  has 
been  confirmed  in  another  investigation.'"*'  It  has  also  been  indicated'  '  that 
different  types  of  pumps  at  different  speeds  will  cause  oil f to  disintegrate 
into  droplets  of  various  sizes.  Oil  drops  of  0.01  inch  in  diameter  are  diffi¬ 
cult  to  separate  from  oil-water  mixtures.  An  estimated  bilge;  water-stripping 
rate  of  10  gpm  has  been  suggested  as  a  reasonable  rate  for  equipment  design 
considerations  (reference  (b)). 

PREVIOUS  WORK 

A  state-of-the-art  search^*-)  for  shipboard  oil  pollution  control  systems 
indicated  that:  < 

•  Separation  techniques  such  as  evaporation,  distillation,  crys¬ 
tallization,  or  freezing  are  not  desirable  because  of  the  need  for  heavy 
equipment  and  large  supplies  of  heat  or  electrical  power. 

:  ... 

•  Separation  methods  using  hydrocyclone  chromatography,  sonic, 
electric/magnetic,  and  biological  techniques  are  still  not  suitable 
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jii  i  ('board  use  bccauuo  oL  their  snui  1 1  tlow  rates  or 
V'“  lopments  in  these  areas  are  still  needed. 


inellic ieney , 


Fur t her  <U- 


•  Centrifuging  is  nut  considered  to  he  economical  since  most  ul 
i  lie  material  centrifuged  is  to  be  discarded  overboard. 

•  Coalescing/filtering  techniques  require  different  selective 
adsorbents  for  different  materials  to  he  separated.  Materials  containing  sur¬ 
factants  such  as  Navy  standard  fuel  oil  (NSFO)  have  been  found  to  render  the 
presently  known  adsorbents  ineffective  as  separating  media  after  a  short  period 
of  use. 


•  Flotation  appears  useful  as  an  auxiliary  process. 

•  Chemical  treatment  is  not  a  preferred  method  because  (1)  it 
requires  skilled  operators  to  administer  the  chemicals;  (2)  it  can  also  pro¬ 
duce  another  pollutant;  and  (3)  it  may  require  special  materials  in  equipment 
construction.  A  limited  use  of  chemicals  to  assist  in  breaking  tight  water- 
oil  emulsions,  however,  is  not  objectionable. 

•  Settling  by  gravitation  is  the  preferred  methodsbecause  of  its 
potential  low  cost  and  simplicity.  Although  settling  may  be  too  slow  for 
handling  large  volumes  of  ballast  water,  it  will  probably  be  suitable  for 
handling  the  smaller  volumes  of  bilge  water  at  a  flow  rate  of  10  gpm. 

PROPOSED  PROCESS 


Separation  of  oil  from  water  is  not  a  simple  process.  While  oil  and 
water  are  immiscible  in  general,  under  a  variety  of  conditions  oil  will  form 
emulsions  with  water,  and  it  thus  becomes  dispersed  as  a  mixture  of  small  drops 
in  the  water.  The  complete  separation  of  oil  and  water  from  emulsions  is 
difficult.  With  respect  to  large  scale  separations  in  general,  manufacturers 
have  spent  millions  of  dollars  to  produce  pure  materials,  and  most  of  the  prod¬ 
ucts  produced  are  still  in  the  98%-99%  purity  range  (or  contain  l%-2%  im¬ 
purities).  The  new  process  proposes  to  separate  the  major  amount  of  oil 
present  from  the  bulk  of  the  bilge  water  by  gravitational  settling  and  to  re¬ 
process  the  remainder  with  fresh  accumulations  of  bilge  water.  Gravitational 
settling  is  used  to  take  advantage  of  the  difference  in  oil  and  water  densities. 
The  theory  of  its  application  and  the  equipment  to  be  used  are  described  below. 

THEORY 

The  key  element  in  the  proposed  process  is  a  continuous  gravitational 
liquid  separator,  Figure  1.  The  factors  of  density,  oil  concentration,  and 
flow  rates  governing  the  separation  of  a  mixture  of  oil  and  water  admitted 
into  the  separator  are  derived  as  follows.  It  is  assumed  that  the  oil-water 
mixture  entering  the  separator  will  not  be  emulsified.  Let  the  symbols  listed 
represent  various  factors  as  defined  below. 

density  of  the  heavier  liquid  water 
Pi  density  of  the  lighter  liquid  oil 

Pm  density  of  the  oil-water  mixture  entering  the  separator 
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/...  total  liquid  height  inside  the  separator 

A..  i  tMs s -sect  ional  area  of  the  separator 

Zh,  height  of  the  heavier  liquid  layer  inside  the  separator 

height  of  the  lighter  liquid  layer  inside  the  separator 

Z(  height  of  the  discharge  of  the  heavier  liquid 

A  cross-sectional  area  of  the  pipe  for  the  oil-water 

m  mixture  to  enter  the  separator 

U  linear  flow  velocity  of  the  oil-water  mixture 

m 

cross-sectional  area  of  the  pipe  for  the  heavier  liquid 
discharge  (underflow) 

U.  linear  flow  velocity  of  the  heavier  liquid  discharge 

(underflow) 

A p  cross-sectional  area  of  the  pipe  for  the  lighter  liquid 

discharge  (overflow). 

U£  linear  flow  velocity  of  the  highter  liquid  discharge 
(overflow). 

R  ratio  of  the  fluid  densities  (  Pp  /  P^) 

CP  fraction  of  the  lighter  fluid  in  the  entering  oil -water 
mixture 

Cft  fraction  of  the  heavier  fluid  in  the  entering  oil-water 
mixture 

Vm  volumetric  flow  rate  of  the  oil-water  mixture  entering  the 
separator 

volumetric  flow  rate  of  the  heavier  fluid  (water)  leaving 
the  separator 

vp  volumetric  flow  rate  of  the  lighter  fluid  (oil)  leaving 
the  separator. 

B  residence  time  =  ZSAS/Vm 
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Based  on  the  static  pressure  balance  principle  about  the  separator,  an 
equation  can  be  written 

2h2^h*?*/lP/+Z^lPh  .  <D 

or 

zh.  “  z^2  _  Z^1  ^  *  .....  (2) 

Since 

Zs  -  zh!  +  z/a  -  .  (3) 

Equation  (2)  can  now  be  written  as 

zhi  =  zh2  *  <zs  -  zhi>  *  .  <*> 

or 

zh2  "  Z«R 


A  Bemti  UImn  nUtlMifaif  memo*  the  NHIttir  cw  M  witrteo. 

OnAsr  this  r«UclowMp,  the  imm*  flow*  l*  Wd  o«T  if  thi  eeffetar  SWt  b* 
balanced  by  the  chen#e  tna id* .  The  uta  balance  etjuat  iea  Ui 


t  pA/«> 


In  tern*  of  volvnetric  flow  r *to*  Kquatloe  (6)  b»c«M 

(dt^.  /1  \ 


Since 


dZ 


*1  -  «f5 


Equidon  (?)  bo  coats 


Subetltutin*  £hi  Iron  &^iat ion  (5),  Equation  (9)  became 


. <*> 


V-  '  VS  '  Vf  -  V  ph  -  p/> 


d_  /Zh2  -  2**\ 
d*\  1  -  R  / 


P 

¥ 

- jj 


(7) 


T&J 


(9) 


/■'•■'•  -  .  V  *h‘  P/> 

(V.  -  \Vh  ■  *>»/)  **  — j-Tt — dZi'2- 


.....  (10) 


Al  the  effluent  reaches  Zfc2  *ft*r  roe  Id  in*  in  the  separata.-,  Equation 
(10)  cam  thou  be  integrated  over  the  residence  tim*,  9  *  ZaAa/yj, 
to  obtain  (flow  it)  the  opposite  direction) 


( 


Zh 


pJn  -Vh  -wn  (ph  -**>  v,  , 

Solving  far  Z^,  with  V/  -  Vm  -  ^ 

. k?«  -  pb  ^  -»tfn  - \y)  lm  <*  -  *> 


V„  ‘*>t  > 


■t^y 


'jL-’JV  ij  z_  a  -  i) 


Aeauaing  additive  property  for  ^n, 

*■  -  ^h(i-Cf)  +  PfCf  . 


(11) 


(12) 


. (13) 


C 


fl 
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tM  m&]  in*  UA  twfl  MRS  vaat  tsa  suai  «kJ  tea  (U 


-  fl-C#)  - 


2  CS-1) 

B 


Using  this  derived  relationship  for  tlie  separator  to  discharge  water 
containing  100  ppe  of  oil  or  0.017,,  oil  in  vatar,  the  aunt  of  oil  In  the 
underlie*  q-iac barge  ia: 

_ PfVf  »  Cf  (^V-,)  ~  0001  *\A  •  . 

Using  relations  in  Equations  (12)  and  t'13),  Equation  (15)  becomes 


1  -  C/  [1  -  C/(l-R) 
R  -  0.0001 


.  (lf>) 


Aa  0.0001  la  cunqsaratlvelv  very  small  with  R,  it  can  be  neglected,  i.e. 
R  -  0.0001  ~R;  then  Equation  (16)  beccnes 


Vh  1-0/  +  Cf  (1-R) 


.....  ( 1 ' ) 


Substitute  this  relation  into  Equation  (14)  and  It  becaneu 


a-R)‘ 


z8  a-c/+  C/2) 


Equation  (18)  predicts  the  height  of  the  effluent  discharging  head. 
Here,  C f  la  the  oil  concentration  of  the  influent  Strewn .  When  this  con¬ 
centration  xs  low,  the  term  +  C/2)  approaches  X,  and  Equation  (18)  can 

be  approximated  a a 


*  | 


A  plot  of  this  equation  for  few  values  of  R  t  shown  aa  Figure  2. 

The  above  derived  relations  do  not  Indicate  dependence  da  the  alee  of  the 
separator.  The  alxe  of  the  separator  depends  on  the  residence  time,  which  in 
turn,  depends  on  the  droplet  sire  and  denslliw*-a£  UwTiso  ftw*i*  involved.  It 
may  seem  that  the  flow  rates  do  not  affect  the  operation  fron  theae  derived 
equations,  (5)  and  (18),  In  fact,  the  flow  rates  and  the  pipe  sixes  have  ef¬ 
fects  on  droplet  sixes  end  the  residence  clan  required.  When  the  pipe*  are 
small,  tha  linear  velocities  of  the  fluids  in  them  are  high  and  thus  high 
disturbance*  result.  Thus,  a  longer  rssl denes  time  will  be  needed. 
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A  flow  diagram  of  the  proposed  process  appears  in  Figure  3.  The  process 
is  bawd  on  tha  continuous  gravitational  liquid  separator  preceded  by  a  hasted 
and  baffled  skinner  to  break  any  tight  aoulsion  and  to  skim  off  any  floating 
oil.  It  Hr  f ottwwi  by  *  fitter  to  rekeio  ecy  rmeieing  oil  in  the  underflow 
water  from  the  separator.  While  the  skinner  is  for  protesting  the  oily  voter 
mixture,  the  filter  is  a  safeguard. 

Sk<nrner 


The  heated  and  baffled  nkifsnsr  for  pretreatjncmt  would  have  a  larger  ca¬ 
pacity  than  the  continuous  gravitational  liquid  separator  to  take  up  recycled 
liquid  for  reprocess  whet*  needed.  It  can  also  act  as  a  surge  tank  when  there 
is  a  sudden  increase  in  the  aaount  of  bilge  water.  This  pretraatment  operation 
may  also  be  bypassed  when  there  is  no  emulsion  in  the  bilge  water.  It  is  also 
the  place  to  add  dostu is  i  fy  i  ng  agents  when-  needed  a a  an  aid  to  the  process.  The 
intake  of  the  bilge  water  will  be  close  to  the  bottom  sc  that  any  separated 
watar  layer  rill  be  removed  from  the  bilge  first.  A  screen  filter  is  placed 
before  -the  pump  inlet- to  remove-  Large  solids  that  asy  be  In  the- bilge  water. _ 


The  separator  tan  be  „  cylindrical  tank  of  convenient  discus  Ion.  it  has 
an  overflow  exit  for  tha  lighter  fluid,  oil,  near  the  top  aw!  a  discharging 
axit  far  tha  heavier  liquid,  water ,  near  the  borrow.  A  flexible  hose  or  pipe 
will  few  connected  to  chi*  wederftow  exit  m  the  dl— becglag  head  mt  b«  adjust¬ 
ed  if  required,  A  tapered  bottom  is  pc* far rad  fear  collecting  any  sediment  that 
may  be  in  tha  wetar. 


MATiAB  330 


9 


RECYCLE  FOR  REPROCESSING 


CONTAINER 

Figure  3 

Proposed  Process 


Filter 

The  proposed  process  will  also  use  a  final  oil-removal  filter  as  a  safe¬ 
guard.  The  filter  case  will  consist  of  two  transparent  sections  to  provide  for 
visual  observation.  A  screen  to  support  the  filter  medium  of  paper,  cloth,  fi¬ 
brous,  or  synthetic  foam  material  will  be  placed  between  the  two  sections.  A 
diagrammatic  drawing  of  the  filter  appears  as  Figure  4.  Pressure  difference 
across  the  filter  could  be  used  as  an  indication  of  the  filter  effectiveness. 

A  dual  filter  setup  is  suggested  so  that  either  one  can  be  used  while  the 
other  one  is  being  cleaned.  This  will  allow  a  continuous  operation. 

Measuring  Devices 

A  visual  or  an  instrumental  examination  port  may  be  installed  after  the 
filter  to  check  the  condition  of  the  effluent  before  it  is  discharged  from  the 
process.  As  there  is  not  available  at  this  time  a  reliable  continuous  measur¬ 
ing  and  monitoring  device  for  oil  Concentration  in  water,  any  device  that  can 
act  as  go/no-go  gage  or  alarm  may  be  used. 

Several  investigators  (5), (6), (7)  have  been  looking  into  devices  based  on 
the  optical  principle,  but  no  published  results  have  been  made  available.  Their 
developments  are  being  followed.  A  foreign  made  "Oleometer"  using  ultrasonics 
to  emulsify  oil  into  particle  sizes  of  the  range  0.2  -  0.3  micron  and  then  ex¬ 
amine  the  emulsion  for  turbidity  has  been  said  to  be  able  to  measure  oil  to  100 
ppm.  Details  of  this  device  are  being  sought  in  regard  to  its  operation  and 
availability. 
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While  a  eatiafactory  measuring  device  for  effluent  contamination  &ay  be 
difficult  to  procure  because  of  the  requirement  of  •  lew  contamination  range  to 
be  aanaatd,  an  infcarfaclal  detector  to  control  the  separation  ptocdS*  may  be 
acre  readily  obtained.  An  elera  «y  be  associated  with  tha  interlace  detecting 
davlca  to  warn  that  tha  oil-vater  interface  ia  approaching  a  critical  level  acd 
to  in ter  rapt  the  proeeee  and  prevent  puaq)ing  effluent  overboard,  Such  a  acheme 
eay  oot  It  fwylately  satisfactory  if  tbs  exietittg  or  pxopeeed  low  contamination 
Halts  remain  a*  requirement*.  However,  it  should  reduce  the  incidence  of  gro«e 
cootcmiartioa.  TW  availability  of  auch  device#  nas  been  determined,  and  soar, 
of  thdaa  TiTtl  9i  avmlaafb?  is'tfi*  laVjtatcry  e*peri*tet*. 
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EXPERIMENT 


To  teat  che  proposed  process  it  is  planned  to  fabricate  and/  or  assemble 
the  equipment  described  above.  A  reservoir  of  salt  water  (Severn  River  water) 
will  be  contained  by  the  use  of  floating  open-end  cylinders  or  storage  tanks. 

To  this  water  various  amounts  of  different  types  of  oil  will  be  added  to  simu¬ 
late  the  bilge  water  situation.  This  oily  water  mixture  will  then  be  pumped 
through  the  separating  process  assembly  at  different  rates*  The  amount  of  oil 
in  water  of  both  the  influent  and  effluent  streams  will  be  determined  by  quan¬ 
titative  solvent  extraction  procedures.  Proposed  measuring  devices  will  be  in¬ 
corporated  and  evaluated  in  this  setup  as  they  become  available*  On  the  basis 
of  results  obtained,  modifications  and  improvements  in  the  process  will  be 
made.  (It  is  planned  to  use  this  installation  to  examine  other ioil-water  sepa¬ 
rating  processes  as  the  need  for  them  becomes  apparent*) 


FUTURE  ACTION 

After  the  laboratory  experiment  results  have  been  evaluated,  and  provided 
they  are  found  satisfactory,  a  shipboard  test  will  be  made  to  establish  the 
need  for  changes  and  improvements*  Upon  completion  of  this  testing,  and  possi¬ 
ble  changes  resulting  therefrom,  final  plans  and  test  procedures  for  construc¬ 
tion  and  use  of  this  process  in  the  Fleet  will  be  prepared* 
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12.  SPONSORING  MILITARY  ACTIVITY 
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A  continuous  gravitational  process  to  separate  oil  pollutant , from  ships’  bilge 
water  using  simple  and  compact  equipment  is  proposed.  The  principle  of  the  process  is 
discussed.  For  an  oil-water  mixture  of  known  concentration  and  density,  the  location 
of  the  interface  inside  the  separator  for  different  flow  rates  can  be  predicted. 
I-iboratory  experiments  will  be  conducted  to  test  the  proposed  process  prior  to  con¬ 
sideration  of  further  tests  aboard  ship. 
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